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57 ABSTRACT

A multispectral 1maging probe delivers a range of wave-
lengths of excitation light to a target and collects a range of
expressed light wavelengths. The mulfispectral 1maging
probe 1s adapted for mobile use and use 1n confined spaces,
and 1s secaled against the effects of hostile environments. The
multispectral 1maging probe comprises a housing that
defines a sealed volume that 1s substantially sealed from the
surrounding environment. A beam splitting device mounts
within the sealed volume. Excitation light 1s directed to the
beam splitting device, which directs the excitation light to a
target. Expressed light from the target reaches the beam
splitting device along a path coaxial with the path traveled
by the excitation light from the beam splitting device to the

target. The beam splitting device directs expressed light to a
collection subsystem for delivery to a detector.

16 Claims, 6 Drawing Sheets
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1
MULTISPECTRAL IMAGING PROBE

This invention was made with Government support
under Contract DE-AC04-94A1.85000 awarded by the U.S.
Department of Energy. The Government has certain rights in
the 1nvention.

BACKGROUND OF THE INVENTION

This mvention relates to the field of probes for delivering,
excitation light to and collecting response light from a target
for spectral analysis.

Many materials express light when excited by incident
light. The characteristics of expressed light in response to
various excitation light wavelengths can 1dentify the mate-
rial. Different response spectra can also identify different
material properties, as for example 1n cervical cells where
precancerous cells have different response spectra than
normal cells. See, e.g., Romanujam et al., U.S. Pat. No.

5,421,339.

Some current spectral 1maging systems mount with a
laboratory microscope. See, e.g., Fluorescence Imaging
Spectroscopy, and Microscopy, Wang and Herman editors,
1996, Chapter 5. Laboratory microscope 1maging systems
add a high power light source, optics, and detection hard-
ware to a conventional laboratory microscope. These sys-
tems are well suited for imaging samples suitable for exami-
nation on a microscope stage. They can not, however, image
large targets, support 1n situ 1imaging, or allow 1maging in
coniined spaces. They are also not suitable for use 1n hostile
environments such as under water, 1n outer space, or in the
presence of hazardous gases.

Other current spectral imaging systems mount as part of
a largce mobile platform. See, e.g., Airborne Visible Hyper-
spectral Imaging Spectrometer: Optical and System Level
Description, in Imaging Spectrometry II, Meigs, Butler,
Jones, Otten, Sellar, Rafert, Descour and Mooney editors,
SPIE volume 2819 page 278, 1996. These systems are often
used for satellite 1imaging of the earth using sunlight as the
excitation light. They can be designed for use i1n certain
hostile environments. They are not capable, however, of
high resolution spectral imaging because they do not have
control over the distance to the target and do not generate
selectable wavelength excitation light. They can 1mage very
large targets, but are not capable of precisely imaging areas
less than tens of meters at a time. They also are not capable
of 1maging 1n confined spaces or of 1maging various aspects
of a target.

Many materials whose properties are of interest can not be
moved. For example, cells attached or within a body must be
either biopsied (an invasive procedure) or imaged in situ.
Materials embedded 1n structures such as pipelines must be
imaged 1n situ. Often, materials to be 1maged can only be
accessed 1n a coniined space. Examples include cervical
cells and the interior of enclosed structures. Determining
properties of materials located 1 hazardous environments
can pose danger to humans making the determination.

There 1s therefore a need for a multispectral 1maging,
probe that can deliver a range of wavelengths of excitation
light to a target and collect a range of expressed light
wavelengths, that 1s adapted for mobile use and use in

coniined spaces, and that 1s sealed against the effects of
hostile environments.

SUMMARY OF THE INVENTION

The present mvention provides a multispectral imaging,
probe that can deliver a range of wavelengths of excitation
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light to a target and collect a range of expressed light
wavelengths. The multispectral imaging probe 1s adapted for
mobile use and use 1n confined spaces, and 1s scaled against
the effects of hostile environments. The multispectral 1mag-
ing probe comprises a housing that 1s substantially sealed
from the surrounding environment. A beam splitting appa-
ratus mounts within the sealed housing. Excitation light is
directed to the beam splitting apparatus, which directs the
excitation light to a target. Expressed light from the target
propagates to the beam splitting apparatus along a path
coaxial with the path traveled by the excitation light from the
beam splitting apparatus to the target. The beam splitting
apparatus directs expressed light to a collection subsystem
for delivery to a detector.

DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated into
and form part of the specification, 1llustrate embodiments of
the 1nvention and, together with the description, serve to
explain the principles of the invention.

FIG. 1 1s sectional view of a multispectral imaging probe
according to the present 1invention.

FIG. 2a 1s sectional view of a multispectral imaging probe
according to the present 1invention.

FIG. 2b 1s an 1llustration of a beam splitting apparatus
according to the present 1nvention.

FIG. 3a 1s sectional view of a multispectral imaging probe
according to the present 1invention.

FIG. 3b 1s an illustration of a beam splitting apparatus
according to the present 1nvention.

FIG. 4 1s sectional view of a multispectral imaging probe
according to the present 1invention.

FIG. 5 1s a block diagram of a multispectral imaging
system employing a multispectral imaging probe according
to the present 1invention.

FIG. 6 1s a flow diagram of the control of a multispectral
imaging system employing a multispectral imaging probe
according to the present 1nvention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 1s a sectional view of a multispectral 1maging,
probe P1 according to the present invention. Probe Pl
directs excitation light received from a light source (not
shown) via excitation subsystem X1 to target T1 along an
optical path represented by lines 111, 112. Probe P1 directs
expressed light from target T1 to collection subsystem C1
along an optical path represented by lines 113, 114. Probe P1
includes a housing H1 which defines a substantially sealed
volume V1. The sealed volume V1 prevents entry of con-
taminants that can interfere with accurate spectral 1imaging.
It also prevents the exit of contaminants, from the compo-
nents therein or from previous uses of probe P1, that can
contaminate subsequent targets. The sealed volume V1 can
also provide for containment of an inert gas (not shown) if
desired for performance or safety considerations.

Beam splitting apparatus S1 mounts within volume V1. In
FIG. 1, protrusions 120 from housing H1 hold beam splitting
apparatus S1 in volume V1. Those skilled in the art will
appreciate other ways of mounting beam splitting apparatus
S1 within volume V1. Collection subsystem C1 mounts with
housing H1, defining a first optical path having two parts: a
first part 113 from target T1 to beam splitting apparatus S1,
and a second part 114 from beam splitting apparatus S1 to
collection subsystem C1. Excitation subsystem X1 mounts
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with housing H1, defining a second optical path having two
parts: a first part 111 from excitation subsystem X1 to beam
splitting apparatus S1, and a second part 112 from beam
splitting apparatus S1 to target T1. The parts 112, 113
between beam splitting apparatus S1 and target T1 of the
first and second optical paths are coaxial. Those skilled 1n
the art will appreciate that the location of excitation sub-
system X1 and collection subsystem C1 relative to beam
splitting apparatus S1 depends on the characteristics of beam
splitting apparatus S1; they can be as shown in FIG. 1,

transposed, or mounted at various angles.

Beam splitting apparatus S1 can be chosen so that 1t waill
reflect light having certain properties and transmit light
having other properties. For example, dichroic mirrors
reflect light having certain wavelengths and transmit light
having other wavelengths. As another example, partially
reflective mirrors can direct a portion of the excitation light
to the target while allowing a portion of the expressed light
to reach the collection subsystem, even 1f the expressed light
and excitation light have the same wavelengths. As a further
example, a polarizing beam splitter can direct excitation
light to the target and expressed light to the collection
subsystem 1if the excitation light and expressed light have
distinguishable polarizations. A pelical beam splitter is
another example of a suitable beam splitting device. Beam
splitting apparatus S1 can be chosen so that 1t reflects
excitation light on path 111, for example, and directs 1t to
target T1 along path 112, and so that 1t transmits expressed
light on path 113 from target 11 to collection subsystem C1
along path 114.

Excitation subsystem X1 directs excitation light, repre-
sented generally by lines 111, 112, to beam splitting appa-
ratus S1. Excitation light can be generated by an external
source (not shown) and transmitted to probe P1 by a first
transmissive conduit 101 such as a flexible light guide.
Handle 103 extending from housmg H1 can allow a user to
hold probe P1 and can help prevent sharp bends that can
reduce the efficiency of flexible light guides. For example,
handle 103 can extend from housing H1 approximately three
times the width of handle 103, and can have a radius of
curvature at least three times the width of handle 103, to
support a flexible light guide while preventing sharp bends
therein. A lens 102 can be used to focus excitation light 111,
112 from first transmissive conduit 101 through beam split-
ting apparatus S1 onto target T1. Alteratively, the shape,
orientation, and physical characteristics of first transmissive
conduit 101 and its mounting with housing H1 can direct
excitation light 111, 112 to beam splitting apparatus S1.

Collection subsystem C1 receives expressed light 113,
114 from target T1 through beam splitting apparatus S1.
Second transmissive conduit 105 can transmit expressed
light 113, 114 from probe P1 to an external detector (not
shown). A lens 104 can focus an image of target T1 onto
second transmissive conduit 105 for transmission.
Alternatively, the characteristics of second transmissive
conduit 105 and its mounting with housing H1 can image
target T1 1nto second transmissive conduit 105 without a
separate lens 104.

Housing H1 can be made from plastic, magnesium, and
stainless steel, for example. Probe P1 should be light for
convenient hand held operation. Probe P1’s exterior shape
(not shown) can be contoured to fit in confined spaces if the
intended use so requires. The overall size of probe P1 can be
minimized to fit 1n confined spaces and to avoid bulkiness
that can complicate hand held operation. The location of
optical components such as beam splitting apparatus S1 and
lenses 102, 104 can be critical to accurate imaging, so
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housing H1 must be structurally capable of precise mount-
ing. Flexible light guides allow mobile use, but sharp
bending can cause reduced light transmission efficiency and
therefor limitations on 1nput excitation power and on mini-
mum detectable expressed light power can 1mpose con-
straints on mobility of probe P1.

FIG. 2a 1s a sectional view of a mulfispectral 1maging
probe P2 according to the present invention. Probe P2
directs excitation light from excitation subsystem X2 to
target T2. Probe P2 directs expressed light from target T2 to
collection subsystem C2. Probe P2 includes housing H2
which defines a substantially sealed volume V2. The sealed
volume V2 prevents entry of contaminants that can interfere
with accurate spectral imaging. It also prevents the exit of
contaminants, from the components therein or from previous

uses of probe P2, that can contaminate subsequent targets.

Beam splitting apparatus S2 mounts within volume V2.
Collection subsystem C2 mounts with housing H2, defining,
a first optical path having two parts: a first part 213 from
target T2 to beam splitting apparatus S2, and a second part
214 from beam splitting apparatus S2 to collection sub-
system C2. Excitation subsystem X2 mounts with housing
H2, defining a second optical path having two parts: a first
part 211 from excitation subsystem X1 to beam splitting
apparatus S2, and a second part 212 from beam splitting,
apparatus S2 to target T2. The parts 212, 213 of the first and
second optical paths between beam splitting apparatus S2
and target T2 are coaxial. Those skilled 1mn the art will
appreciate that the location of excitation subsystem X2 and
collection subsystem C2 relative to beam splitting apparatus
S2 depends on the characteristics of beam splitting apparatus
S2; they can be as shown 1n FIG. 2, transposed, or mounted
at various angles.

Extension 250 mounts with housing H2 and extends
therefrom along the coaxial parts of the first and second
optical paths 212, 213 (the “propagation axis”). Distal end
251 of extension 250 can be adapted to maintain a prede-
termined distance from beam splitting apparatus S2 to target
T2. The focal distance from excitation subsystem X2 and
collection subsystem C2 to target T2 can thereby be main-
tained at a predetermined length. Extension 250 can be
permanently or removably mounted with housing H2.

Extension 250 can transmit light having the same char-
acteristics as excitation light (e.g., wavelength or
polarization) and light having the same characteristics as
expressed light (e.g., wavelength or polarization) along
directions substantially parallel to the propagation axis and
can block light not having those characteristics and light
having those characteristics but not traveling along the
propagation axis. Transmission along the propagation axis 1s
required for excitation light to reach target T2 and expressed
light to reach collection subsystem C2. Inhibiting transmis-
sion not along the propagation axis can prevent excitation of
target T2 by stray light and can prevent collection of light
not expressed by target T2. Inhibiting transmission along the
propagation axis of light not having the proper characteris-
tics can prevent overloading the detector (not shown) with
extrancous light.

For example, extension 250 can circumscribe a hollow
interior portion, where gas such as air in the hollow 1nterior
space has the desired transmissive properties. Extension 250
can be made from plastic, metal, and glass, for example, or
other material having the desired transmissive characteris-
tics. The outer walls of extension 250 can be coated with a
material that imnhibits light transmission therethrough.

Window W2 mounts with proximal end 252 of extension
250. Window W2 maintains the seal of housing H2 defining
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volume V2. Window W2 can be chosen so that undesired
reflections and transmissive losses are minimized. Window
W2 can mount with housing H2 so that extension 250 can be
removed without removing window W2, thereby maintain-
ing the seal. Alternatively, window W2 can be removably
mounted with housing H2 to allow access to the interior of
housing H2.

FIG. 2b 1s an illustration of beam splitting apparatus S2.
Beam splitting apparatus S2 can comprise multiple beam
splitting devices S21, S22 mounted with carrier CS2. Carrier
(CS2 and post PS2 mount within volume V2 so that carrier
(CS2 1s moveable among several positions. At one position,
beam splitting device S21 1s held 1n the path of excitation
light and expressed light. At another position, beam splitting
device S22 1s held in the path of excitation light and
expressed light. The availability of a plurality of beam
splitting devices S21, S22 can allow spectral 1maging with
a wider range of excitation light and expressed light char-
acteristics (such as wavelength or polarization).

Carrier CS2 mounts with post PS2 so that rotation of post
PS2 moves carrier CS2 within volume V2. Post PS2 can
extend through housing H2 to allow actuation outside vol-
ume V2 to effect movement of carrier CS2. For example,
lever A2 can mount with post PS2 outside volume V2 so that
rotation of lever A2 about post PS2 causes movement of
carrier CS2. Alternatively, carrier CS2 can be moved by
electromagnetic or other actuators within volume V2. Sealed
mounting of post PS2 with housing H2 allows selection
among a plurality of beam splitting devices S21, S22 with-
out breaking the seal around volume V2.

FIG. 3a 1s a sectional view of a multispectral imaging
probe according to the present invention. Probe P3 directs
excitation light from excitation subsystem X3 to target T3.
Probe P3 directs expressed light from target T3 to collection
subsystem (3. Probe P3 includes housing H3 which defines
a substantially sealed volume V3. The sealed volume V3
prevents entry of contaminants that can interfere with accu-
rate spectral 1imaging. It also prevents the exit of
contaminants, from the components therein or from previous
uses of probe P3, that can contaminate subsequent targets.

Beam splitting apparatus S3 mounts within volume V3.
Collection subsystem C3 mounts with housing H3, defining
a 1irst optical path having two parts: a first part 313 from
target T3 to beam splitting apparatus S3, and a second part
314 from beam splitting apparatus S3 to collection sub-
system C3. Excitation subsystem X3 mounts with housing
H3, defining a second optical path having two parts: a first
part 311 from excitation subsystem X3 to beam splitting,
apparatus S3, and a second part 312 from beam splitting
apparatus S3 to target T3. The parts 312, 313 of the first and
second optical paths between beam splitting apparatus S3
and target T3 are coaxial. Those skilled in the art waill
appreciate that the location of excitation subsystem X3 and
collection subsystem C3 relative to beam splitting apparatus
S3 depends on the characteristics of beam splitting apparatus
S3; they can be as shown in FIG. 3, transposed, or mounted
at various angles.

Extension 350 mounts with housing H3 and extends
therefrom along the coaxial parts of the first and second
optical paths 312, 313 (the “propagation axis”). Extension
350 can maintain focal distances as discussed for extension

250 of FIG. 2. Extension 350 can have transmissive prop-
erties as described for extension 250 of FIG. 2. Extension

350 can be permanently or removably mounted with housing,
H3.

Window W3 mounts with distal end 352 of extension 350.
Window W3 maintains the seal of housing H3 defining,
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volume V3. Window W3 can be chosen so that undesired
reflections and transmissive losses are minimized. Window
W3 can mount with housing H3 so that extension 350 can be
removed without removing window W3, thereby maintain-
ing the seal. Alternatively, window W3 can be mounted with
extension 350 and removed therewith. Window W3 can be
mounted so that surface WS3 in light paths along the
propagation axis 1s at an angle other than 90 degrees to the
propagation axis so that reflections from surface WS3 are
not parallel to the propagation axis and transmission thereof
inhibited by extension 350.

FIG. 3b 1s an illustration of beam splitting apparatus S3.
Beam splitting apparatus S3 can comprise multiple beam
splitting devices S31, 532, 533, 534 mounted with carrier
CS3. Carrier CS3 and post PS3 mount within volume V3 so
that carrier CS3 1s moveable among several positions. At one
position, beam splitting device S31 1s held 1n the path of
excitation light and expressed light. At other positions, beam
splitting devices S32, S33, S34 are alternately held 1n the
path of excitation light and expressed light. The availability
of a plurality of beam splitting devices can allow spectral
imaging with a wider range of excitation light and expressed
light characteristics (such as wavelength or polarization).

Carrier CS3 mounts with post PS3 so that rotation of post
PS3 rotates carrier CS3 within volume V3. Post PS3 can
extend through housing H3 to allow actuation outside vol-
ume V3 to effect movement of carrier CS3. Alternatively,
thumbwheel 360 can mount with carrier CS3 so that motion
of thumbwheel 360 causes rotation of carrier CS3 about post
PS3. A first portion 361 of thumbwheel 360 extends outside
volume V3 for actuation. A second portion 362 of thumb-
wheel 360 engages carrier CS3 1nside volume V3. As
another alternative, carrier CS3 can be rotated by an actuator
such as a stepper motor within volume V3.

FIG. 4 1s a sectional view of a multispectral 1maging
probe according to the present invention. The mounting and
function of housing H4, volume V4, and beam splitting
apparatus S4 are as described generally for FIGS. 1, 2, and
3. Light source L4 generates excitation light and directs it to
beam splitting apparatus S4. Detector D4 detects the inten-
sity of expressed light from target T4 directed thereto by
beam splitting apparatus S4. Intensity measurements from
detector D4 can be transmitted by wire, radio, or other
means to a remote analysis system (not shown) or can be
stored at the probe P4 for later analysis. Placement of
detector D4 and light source 1.4 with probe P4 can make
probe P4 more mobile by relaxing constraints on motion due
to light guides, but can also increase the weight of probe P4
due to the addition of light source L4 and detector D4 and
assoclated power supplies.

FIG. 5 1s a block diagram of a multispectral 1maging,
system employing a multispectral imaging probe P35 accord-
ing to the present 1nvention. An excitation source X5 com-
prises a lamp L35, two filters XF15, XF25, and a lens XL35.
For imaging an entire cervix 1n one to ten seconds, lamp L3
can deliver about 10 mW power at each excitation wave-
length and the wavelength selection time can be about one
second. As an example, a 300 W xenon arc lamp with a
built-in parabolic reflector can deliver over 40 mW/nm
output power 1n the wavelength range from 300 nm to 2000
nm. The parabolic reflector can collect light more efficiently
than condensor/reflector geometries. Integrating the retlec-
tor mnto the lamp can also obviate the alignment problems
that accompany conventional lamp housings.

Interference filters can select wavelengths from the para-
bolic reflector’s nearly collimated output. Filter XF15 can be
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an 1nfrared filter to reject heat energy in the light beam 520
output of lamp L35. Filter XF15 can remove near infrared
light (approximately from 800 nm to 2000 nm) that could
otherwise heat and damage other parts of the apparatus. As
an example, KG1 glass such as that made by Schott Glass
Technologies of Duryea, Pa., can be used as filter XF135.
KG1 glass absorbs strongly in the near infrared, and dissi-
pates the energy as heat. A KG1 filter XF135 can be radially
symmetric and can be aligned along the optic axis of lamp
L. Other examples of suitable filters XF15 include water
mirrors, infrared reflecting filters, and infrared transmitting
MIIrors.

Filter XF25 can be a filter wheel, controlled by a con-
troller C5 to select specific excitation wavelengths for target
excitation. Interference filters with bandwidths on the order
of 10 nm can be used. Filter XF2S§ preferably does not
fluoresce or otherwise emit light that might be confused with
expressed light from target TS. Filter XF25 preferably
adequately blocks light outside the filter’s pass band, which
can be from 2 nm to 200 nm wide.

Light 521 from filters XF15, XF25 can be focused 1nto a
first transmissive conduit G135 by lens XL5. A condenser
lens can be used as lens XLS. A liquid light guide 1s an
example of a suitable first transmissive conduit G15. The
liquid light guide can have an 1nput aperture approximately
3 mm 1n diameter to avoid alignment problems common to
small diameter optical fibers. First transmissive conduit G135
delivers the light energy to a probe P35 adapted for 1llumi-
nating a target T5. Probe PS5 can be a multispectral imaging
probe such as those previously described.

Second transmissive conduit G235 transmits expressed
light from target TS and collected by probe PS. A coherent
optical fiber bundle 1s an example of a suitable second
transmissive conduit G25. The fiber density in the bundle
must be high enough to preserve the image. The fibers 1n the
bundle also must transmit the wavelengths of interest.

Light from second transmissive conduit G235 can be
focused by lens RL15 onto a filter RFS. Lens RL15 can
collimate the real 1image transmitted by a coherent optical
fiber bundle. Filter RF5 can be a filter wheel, controlled by
controller C5, to select specific response wavelengths of
interest 1n the target’s response. Light from filter RES can be
focused onto a detector DS by lens RL25. Detector DS
preferably preserves the cross section information of the
expressed light from target T5. A CCD 1maging detector 1s
an example of a suitable detector D5. A CCD 1maging
detector converts photons to an analog voltage proportional
to the integrated intensity at each pixel, where each pixel
corresponds to a portion of the image focused onto detector
DS. Detector DS can output signals representative of the
target’s response at specific response wavelengths to exci-
tation by light of specific excitation wavelengths. The sig-
nals from the detector DS can be used by analysis means AS
to determine target properties, mcluding detection of cell
abnormalities, as discussed above.

FIG. 6 1s a flow diagram of the control of a multispectral
imaging system according to the present invention. Any
components of the system that need initialization are first
mnitialized 601. An excitation wavelength 1s selected 602, for
example by rotating a filter wheel. A response wavelength 1s
selected 603, for example by rotating a filter wheel. The
detector 1s cleared of any previous response information
604. The target 1s then 1lluminated with the selected exci-
tation wavelength and the response at the selected response
wavelength detected 605. The image from the detector of the
target’s response 1s transmitted for analysis 606. If this 1s not
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the final response wavelength to be detected 607, then a new
response wavelength 1s selected 603 and the process
repeated from there. If a different beam splitting device 1s
required at the probe for the new response wavelength, then
a signal 1s generated to cause the selection of a new beam
splitting device 610. For example, a lamp can be flashed or
an 1ndicator displayed to prompt an operator to change the
beam splitting means, or electrical signals can cause auto-
matic actuators to change the beam splitting device. If this
1s not the final excitation wavelength 608, then a new
excitation wavelength 1s selected 602 and the process
repeated from there. If a different beam splitting apparatus 1s
required at the probe for the new excitation wavelength, then
a signal 1s generated as discussed above to cause the
selection of a new beam splitting apparatus 611. After all the
response wavelength/excitation wavelength pairings have
been detected, then the 1mages are analyzed to determine the
cell propertiecs 609. Note that the order of response fre-
quency and excitation frequency selection could be
reversed.

The particular sizes and equipment discussed above are
cited merely to 1llustrate particular embodiments of the
invention. It 1s contemplated that the use of the mmvention
may involve components having different sizes and charac-
teristics. It 1s mntended that the scope of the invention be
defined by the claims appended hereto.

We claim:

1. A multispectral imaging probe for directing excitation
light to a target and directing expressed light from the target
to a detector, comprising;:

a) a housing defining a substantially sealed volume;

b) splitting means for directing excitation light and
expressed light;

c) mounting means for mounting the splitting means
within the sealed volume so that excitation light inci-
dent thereon 1s directed by the splitting means to the
target along a propagation axis and expressed light
from the target travels to the splitting means on an
expressed light path along the propagation axis;

d) excitation means for directing excitation light along an
excitation light path to the splitting means; and

¢) collection means for directing expressed light from the
splitting means to the detector, where the excitation
means comprises a flexible light guide, where the
housing additionally comprises a handle extending
along a path a first distance and having a first width
measured orthogonal to the path of extension, where
the first distance 1s at least three times the first width
and where the radius of curvature of the path 1s at least
three times the first width, and where the flexible light
ouide 1s mounted with the handle.
2. A multispectral 1maging probe for directing excitation
light to a target and directing expressed light from the target
to a detector, comprising;

a) a housing defining a substantially sealed volume;

b) splitting means for directing excitation light and
expressed light;

c) mounting means for mounting the splitting means
within the sealed volume so that excitation light inci-
dent thercon 1s directed by the splitting means to the
target along a propagation axis and expressed light
from the target travels to the splitting means on an
expressed light path along the propagation axis;

d) excitation means for directing excitation light along an
excitation light path to the splitting means; and
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¢) collection means for directing expressed light from the
splitting means to the detector, where the mounting
means comprises a carrier adapted to hold a plurality of
splitting devices, said carrier moveably mounted with
the housing and moveable among a plurality of
positions, where each splitting device 1s 1n the excita-
tion light path and 1n the expressed light path when the
carrier 15 1n one of the plurality of positions.

3. The probe of claim 2, where the excitation means
comprises a lens mounted with the housing so that excitation
light 1s focused through the splitting means onto the target.

4. The probe of claim 2, where the mounting means
additionally comprises:

a) a post rotatably mounted with the housing having a first
end outside the sealed volume and a second end inside
the sealed volume, where said carrier 1s mounted with
the second end so that rotation of the post causes the
carrier to move among the plurality of positions; and

b) an actuator mounted with the first end of the post so that
motion of the actuator causes rotation of the post.
5. The probe of claim 2, where the mounting means
COMprises:

a) an extension mounted with the housing and extending
therefrom along the propagation axis; and

b) means for mounting the splitting means a first prede-
termined distance from the distal end of the extension,
where the distal end of the extension portion 1s adapted
to maintain a second predetermined distance from the
splitting means to the target.

6. The probe of claim 5, where the extension transmits
light having the same characteristics as the excitation light
and light having the same characteristics as the expressed
light along directions substantially parallel to the propaga-
fion axis and does not transmit light having the same
characteristics as the excitation light and light having the
same characteristics as the expressed light along directions
not substantially parallel to the propagation axis.

7. The probe of claim 5, where the extension comprises a
wall extending along the direction of the propagation axis
and circumscribing a hollow interior.

8. The probe of claim 5, where the extension additionally
comprises sealing means for preventing fluild communica-
tion 1nto the sealed volume.

9. The probe of claim 8, where the sealing means com-
prises a window that transmits light having the same wave-
length as the excitation light and light having the same
wavelength as the expressed light along directions parallel to
the propagation axis.

10. The probe of claim 9, where the window 1s mounted
with the distal end of the extension.

11. The probe of claim 9, where the window 1s mounted
with the proximal end of the extension.

12. The probe of claim 9, where the window 1s mounted
with the extension so that a first surface of the window 1s in
the light path from the splitting means to the target, and
where the first surface 1s at an angle other than 90 degrees
to the propagation axis.
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13. The probe of claim 5, where the housing additionally
comprises means for removeably mounting the extension.

14. A multispectral imaging probe for directing excitation
light to a target and directing expressed light from the target
to a detector, comprising:

a) a housing defining a substantially sealed volume;

b) splitting means for directing excitation light and
expressed light;

c) mounting means for mounting the splitting means
within the sealed volume so that excitation light inci-
dent thercon 1s directed by the splitting means to the
target along a propagation axis and expressed light
from the target travels to the splitting means on an
expressed light path along the propagation axis;

d) excitation means for directing excitation light along an
excitation light path to the splitting means; and

¢) collection means for directing expressed light from the
splitting means to the detector, where the collection
means comprises a flexible image preserving light
ouide.

15. The probe of claim 14, where the collection means
additionally comprises a lens mounted with the housing so
that expressed light 1s focused from the target onto the
flexible light guide.

16. A multispectral imaging probe for directing excitation
light to a target and directing expressed light from the target
to a detector, comprising;:

a) a housing defining a substantially sealed volume, and
comprising a handle extending along a path a first
distance and having a first width measured orthogonal
to the path of extension, where the first distance 1s at
least three times the first width and where the radius of

curvature of the path 1s at least three times the first
width;

b) splitting means for splitting a light beam,

¢c) mounting means for mounting the splitting means
within the sealed volume so that excitation light inci-
dent thercon 1s directed by the splitting means to the
target along a propagation axis and expressed light
from the target travels to the splitting means on an
expressed light path along the propagation axis, where
the mounting means comprises a carrier adapted to hold
a plurality of splitting devices, said carrier moveably
mounted with the housing and moveable among a
plurality of positions, where each splitting device 1s 1n
the excitation light path and in the expressed light path
when the carrier 1s in one of the plurality of positions;

d) a first flexible light guide mounted with the handle
oriented so that light from the first flexible light guide
1s directed therefrom to the splitting means; and

¢) collection means for directing expressed light from the
splitting means to the detector.
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